The aims of this study were to determine whether the occurrence of autoimmune diseases is increased in patients with multiple sclerosis (MS) and their families and whether this is influenced by the type of MS. We conducted a case-control study using a questionnaire design to determine whether the prevalence of 11 autoimmune diseases is increased in patients with MS and their first-degree relatives compared to a random population control group and their first-degree relatives. We found that the total combined prevalence of the 11autoimmune diseases was higher in the MS patients than in the controls, with an odds ratio of 1.7 (95% confidence interval 0.9-3.2; P= 0.10) increasing to 1.9 (1.0-3.5; P= 0.05) after adjusting for age. For persons aged under 60 years, the odds ratio was 2.3 (1.1-4.6). We also found that there was a significant increase in the total combined prevalence of the autoimmune diseases in the first-degree relatives of MS patients compared to the first-degree relatives of the control group (P= 0.003, odds ratio 2.2, confidence interval 1.3-3.7). Patients with primary progressive MS did not differ from patients with relapsing-remitting or secondary progressive MS in the personal or familial occurrence of autoimmune disease. In conclusion, although there were sources of possible bias, this study suggests that individuals with MS have a genetic predisposition to autoimmunity in general.
Introduction
There is increasing evidence that multiple sclerosis (MS) is an autoimmune disease. 1, 2 Bias and colleagues have proposed that autoimmunity is inherited as an autosomal dominant trait with secondary genes, including major histocompatibility complex genes, determining the specific type of autoimmune disease. 3 Numerous case reports have documented that MS can occur concurrently with other autoimmune disease including autoimmune thyroid disease, 4 autoimmune gastritis, 4 Addison's disease, 4 rheumatoid arthritis, 4 pemphigus vulgaris, 4 scleroderma, 5, 6 primary biliary cirrhosis, [7] [8] [9] systemic lupus erythematosus 10 and ankylosing spondylitis. 11, 12 A few studies have examined the prevalence of autoimmune diseases in patients with MS. Inflammatory bowel disease, 13 psoriasis 14 and type 1 diabetes mellitus 15 have been reported to occur more frequently in MS patients than in the general population, although one study found that rheumatoid arthritis, ankylosing spondylitis, type 1 diabetes mellitus, primary hypothyroidism and vitiligo were not increased. 16 No increase in total autoimmune diseases was found in studies comparing the prevalences in MS patients and the general population. 16, 17 Three case-control studies have suggested an association between MS and other autoimmune diseases by showing an increased occurrence of autoimmune diseases in MS cases compared to control groups. [18] [19] [20] Midgard and colleagues conducted a hospital-based interviewer questionnaire study of hospitalised patients and found that the total combined prevalence of rheumatoid arthritis, psoriasis and goitre was significantly higher in MS patients than in controls with mainly surgical diagnoses, although the individual diseases were not. 18 Seyfert and colleagues in a prospective case-control interview study found significantly increased occurrence of total autoimmune diseases in MS patients compared with a control group of unselected clinic personnel. 19 In a recent case-control study, Karni and Abramsky reported the increased occurrence of autoimmune thyroid disease in females with MS. 20 It has also been reported that the prevalence of elevated antinuclear antibodies and other auto antibodies is increased in MS patients compared to controls. 16, 19, 21, 22 A familial association of MS with other autoimmune diseases has been reported in studies on individual family pedigrees 3, 23 but has not been demonstrated in casecontrol studies. 18, 24 Inflammatory bowel disease was found to be increased in the families of MS patients compared to population prevalences in two studies. 25, 26 We have conducted a case-control study using a questionnaire design to compare MS patients and the general population. Our study aimed to determine whether 11 specific autoimmune diseases individually and as a total are more common in MS patients and in their first-degree relatives than in random population controls and their first-degree relatives. The study also examined whether the type of MS (relapsing-remitting, secondary progressive or primary progressive) influences the personal and familial occurrence of other autoimmune diseases.
Methods
The cases comprised patients admitted to the Royal Brisbane Hospital Department of Neurology between 1992 and 1997 with a diagnosis of clinically definite or laboratory-supported definite MS. 27 Of 216 cases identified by the International Classification of Diseases selection code 340, 205 had medical records that were able to be obtained. Of these, 158 had a diagnosis of clinically definite or laboratorysupported definite MS from the available documentation in the medical records. The type and duration of MS were also determined. One patient from Papua New Guinea was not included, leaving 157 cases. The majority of cases were from southeast Queensland but 27 had been referred from elsewhere in the state of Queensland and three from interstate for investigation. The address used for mailing purposes was the latest available from the hospital file.
Controls were selected from persons living in the same street (but not immediate neighbours) as the cases. The names and addresses of controls were obtained from the 1997 desktop marketing system (DtMS) database, an up-to-date telephone-based electronic directory. Only residential listings were used. The surname, first initial and address of three controls for each case were randomly selected using a search and retrieval system. Using the directory, addresses for street residents of 24 cases were unable to be found (including the three interstate patients) and fewer than three controls were able to be found for 19 cases. As the cases without addresses in the sampling frame had a prevalence of autoimmune diseases almost identical to that of all the cases, they were retained in the analysis to maximise power. Where two sets of initials (persons) were listed at the same telephone number, for half of the group a questionnaire was addressed to the household and for the other half of the group the questionnaire was sent to the person whose initials were listed second. Questionnaires were sent to a total of 362 controls.
All cases and controls were mailed a standard covering letter with only minor differences in the wording stating whether they were in the case or control group. The letter addressed to members of the control group stated that controls had been randomly selected as persons without MS. In the covering letter both groups were asked to indicate if they or family members had been definitely diagnosed with a disease. A second standard covering letter and questionnaire were mailed 4 weeks later to all those who had not responded to the initial questionnaire. The importance of a reply was stressed in this letter. All cases and controls received the same questionnaire with a reply-paid envelope.
The questionnaire asked for date of birth and gender. We used a list of autoimmune diseases, which included diseases used in previous studies of this type or those for which case reports have documented concurrence with MS, and which are likely to be known to the general population. From this list, respondents indicated personal, parental, sibling or offspring occurrence of an autoimmune disease. The autoimmune diseases selected were accompanied by alternative descriptions which are listed in Table 1 .The respondents also indicated if a parent, sibling or offspring had MS. The final questionnaire that was used had been tested on unselected hospital patients and staff and found to be easily able to be completed in less than 2 minutes. This study was approved by the Research Ethics Committee of the Royal Brisbane Hospital. Participation in the study was voluntary and corroboration of reporting of personal or family history of an autoimmune disease was not attempted.
Data collection was performed in 1998 and early 1999. Data were entered into the Microsoft Excel package and statistical analysis performed primarily with EPI Info 6. Where counts were small, Fisher's exact test was used, and exact 95% confidence intervals were calculated and stratified data were combined by maximum likelihood methods. 28 
Results
Of the 157 questionnaires sent to cases, 13 were returned because of an incorrect address and two were returned indicating the person was deceased. Of the remainder, 117 (82%) were returned completed. Of these 117 cases, 58 had relapsing-remitting MS, 41 had secondary progressive MS and 18 had primary progressive MS, as defined by Lublin and Reingold. 29 Of these 117 cases, there were 722 first-degree relatives comprising 304 siblings, 234 parents and 184 children. From the 362 questionnaires sent to the control group, 32 were returned because of an incorrect address and two were returned indicating the addressed person was deceased. Of the remainder, 222 (68%) were returned completed. Of these 222 controls, there were 1582 first-degree relatives comprising 651 siblings, 444 parents and 487 children. 
Gender
Of the cases, 83 (71%) were females, as were 133 (60%) of the controls. The proportion of females in the case group was significantly higher than in the control group (P= 0.04).
Age
The age distributions of cases and controls are shown in Table 2 . Proportionally more of the controls were aged 60 years and over (29%) than were the cases (11%) (P= 0.003). One control did not enter a date of birth correctly.
Autoimmune diseases in cases and controls
Twenty-four autoimmune diseases were reported in the cases and 29 in the control group. Twenty cases and 25 controls indicated personal occurrence of one autoimmune disease and two cases and two controls reported personal occurrence of two autoimmune diseases. The excess proportion of cases with one or more autoimmune diseases (19%) compared to controls (12%) did not quite reach formal statistical significance (P= 0.10, odds ratio 1.7, confidence interval 0.9-3.2). The occurrence of specific autoimmune diseases is shown in Table 3 . There were apparent excesses of inflammatory bowel disease, psoriasis and rheumatoid arthritis, in particular, among the cases but the small numbers prevent firm comment.
Table 3. Specific autoimmune diseases in cases and controls

Autoimmune diseases in first-degree relatives
Forty cases (34%) and 43 controls (19%) reported at least one first-degree relative with an autoimmune disease (P= 0.003, odds ratio 2.2, confidence interval 1.3-3.7). There were a total of 53 autoimmune diseases in the first-degree relatives of the cases and 60 in those of the controls. The specific autoimmune diseases occurring in firstdegree relatives are shown in Table 4 . Ankylosing spondylitis was the only disease that occurred much more frequently in the relatives of the cases; in particular, there was no excess of inflammatory bowel disease or psoriasis.
Autoimmune diseases according to gender and age
Of 83 female cases, 15 (18%) reported personal occurrence of an autoimmune disease as did seven of 34 male cases (21%). Seven different autoimmune diseases occurred in the male cases and the numbers are too small for meaningful analysis of specific autoimmune diseases in MS cases according to gender. Sixteen of the 133 female controls (12%) and 11 of the 89 male controls (12%) indicated a personal occurrence of an autoimmune disease. The odds ratios for males (1.8) and females (1.6) were similar. First-degree relatives were not categorised by gender. The prevalence of autoimmune disease in cases was similar at all ages (range 14-22%). This also held for controls up to the age of 59 years (mean 10%) but increased substantially in older persons (mean 19%). The age-specific odds ratio for autoimmune disease was 2.3 (95% confidence interval 1.1-4.6) in the persons under 60 years of age but only 0.8 (0.2-3.7) for older persons. The summary age-adjusted odds ratio was 1.9 (1.0-3.5; P= 0.05).
Familial MS
Nine cases and one control reported a first-degree relative with MS (P= 0.0002, odds ratio 18.4, confidence interval 2.3-393).
Type and duration of MS
The numbers of cases with different types of MS reporting the personal or familial occurrence of an autoimmune disease are shown in Table 5 . There was no significant difference among the three types of MS in the reporting of a personal or familial occurrence of autoimmune disease. The influence of the duration of MS was analyzed by comparing the occurrence of autoimmune diseases in those with MS for less than 10 years and those with MS for greater than 10 years. There was no marked difference in the occurrence of autoimmune diseases between the two groups. 
Discussion
The present study has shown that the prevalence of autoimmune diseases other than MS is higher in patients with MS and their first-degree relatives than in controls and their first-degree relatives. However, these results need to be considered in the light of a number of possible errors. In a small study of uncommon diseases, chance is obviously possible. Furthermore, errors of measurement and selection may occur. Measurement errors may be due to misclassification or to reporting bias. The potential for misclassification existed for both groups, with some common diseases possibly being mistakenly listed, and less common or difficult-to-diagnose diseases having been missed. Such similarly poor measurement for cases and controls will produce lower odds ratios than truly exist. Studies of this type are also prone to reporting bias: it is possible that cases may have been more likely than controls to report a personal or familial occurrence of an autoimmune disease, either from being more likely to visit medical services or because they may have been more motivated to discuss the questionnaire with relatives or to record an uncertain autoimmune disease. However, MS cases with cognitive impairment may have been less likely to report an autoimmune disease, and the balance of these countervailing influences on the apparent effect (odds ratio) remains speculative.
With regard to selection errors, we believe the cases used in this study reflect the general MS population in Australia to a reasonable degree. The cases sampled included patients who had been recently diagnosed as having MS (and had required a hospital admission for cerebrospinal fluid examination), cases who had been admitted for intravenous methylprednisolone therapy for relapses, and cases of advanced MS with disabling symptoms. However, it is possible that milder cases of MS were underrepresented in our group of MS cases. As we selected only cases with clinically definite or laboratory-supported definite MS, the possibility of an incorrect diagnosis of MS is unlikely. With regard to selection errors in controls, it is certainly difficult to select the optimal control group for a set of cases drawn to a tertiary referral centre, but the appropriate principle is to use persons who, if they developed MS, would be likely to be referred to our unit. On this basis we chose persons living near the cases as being more appropriate than a random sample of the whole community since the cases were clearly not a random subset of all Brisbane cases. 30 However, the age distribution of our control group was different from that of the cases, with a higher proportion of controls aged 60 and over, and there was a trend for increased occurrence of autoimmune diseases with age in our control group. This may have reduced a true positive finding, as indicated by the increase in the odds ratio with age adjustment. The even higher odds ratio (2.3) for persons under 60 may be a more accurate reflection of the overall association. On the other hand, the prevalence of autoimmune diseases is higher in females than males, 31 and the proportion of females in our group of MS cases was higher than in our control group. However, in our study there was no difference between women and men in the occurrence of autoimmune diseases in cases or controls or in the total number of subjects studied.
Our finding of an increase in the total prevalence of autoimmune disease in patients with MS is consistent with the findings of two previous studies. 18, 19 In our study, although inflammatory bowel disease was significantly more common in MS patients than in controls, the numbers were small and the confidence interval was wide. Rang and colleagues also found an increased prevalence of inflammatory bowel disease in patients with MS. 13 Our study did not find an increased prevalence of other specific autoimmune diseases with MS as has been shown in other studies, [13] [14] [15] 20 but this is probably because of the small numbers in our study. Our study found a statistically significant doubling of autoimmune disease in the first-degree relatives of MS patients compared with the first-degree relatives of the control group. This was not shown in the study of Midgard and colleagues, who studied a smaller number of autoimmune diseases, 18 or in the study by Souberbielle and colleagues who did not provide details of the specific familial autoimmune diseases. 24 An increased occurrence of inflammatory bowel disease in families of MS patients compared with known disease prevalence rates has previously been reported. 25, 26 This was not demonstrated in the present study, perhaps because of the small numbers. Our study found a relative risk of 18 for MS in first-degree relatives which is consistent with the findings of large familial MS studies. 32, 33 We found that the occurrence of autoimmune diseases in individuals with MS and in their first-degree relatives was independent of the type or duration of MS. In particular, patients with primary progressive MS did not differ from patients with relapsing-remitting or secondary progressive MS in the personal or familial occurrence of autoimmune diseases. Our study provides further support for an association between MS and other autoimmune diseases. We did not include all the autoimmune diseases that have been associated with MS, for example Goodpasture's disease, 34 myasthenia gravis, 35 uveitis, 36 and alopecia areata, 19 so it is possible that we have actually underestimated the occurrence of autoimmune diseases in MS patients and their families. The increased occurrence of autoimmune diseases in patients with MS and in their families suggests that individuals with MS may have a genetic predisposition to autoimmunity in general.
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